Summary
Rabbits, 5-29 days pregnant, were placed for 2 h either in or near a machine designed to simulate transport, which exposed them to vibration stress and sound. There was no apparent effect on the maintenance of pregnancy, gestation length, litter size, perinatal mortality or condition of the young at birth compared with control rabbits. However, respiration rate, normally 65/min, was increased to 120/min by moving the animals from their cages and to 160/min in the machine; noise alone produced an intermediate response. Respiration returned to normal values after 20 min to 4 h, depending upon the initial level of response.
Various kinds of environmental and emotional disturbances can affect fertility and the course of pregnancy in several mammalian species. Ewes exposed to herding by dogs or transferred to a strange field within a 20-day period after mating have a significantly higher rate of embryonic loss than that in control ewes left undisturbed (Doney, Smith & Gunn, 1976) . Restraint and handling of ewes can affect the length of the oestrous cycle, as well as lowering the age of puberty (Williams & Wiggan, 1969) . Firm restraint prior to mating in the rat resulted in an increased number of sterile matings but did not affect litter size (Euker & Riegle, 1973) . The disturbances associated with transportation have been observed to affect the oestrous cycle and also the timing of ovulation in the ewe (Averill, 1964; Moberg, 1976) . In the rat Zondek & Tamari (1967) were able to show that exposure to a bell sound for a period of 48 h beginning 4 days after mating significantly reduced the number of pregnancies.
The hypothalamic-pituitary-adrenal axis probably plays an important role in mediating the changes observed in the ovaries, reproductive tract and the course of pregnancy by environmental and emotional disturbances (aversive stimuli). Direct administration of adrenocorticotrophic hormone (ACTH) early in the cycle reduces the progesterone levels found in the corpus luteum of the cow (Wagner, Strohbehn & Harris, 1972) . In Received 3 August 1981. Accepted 19 April 1982. the rat ACTH given some time after mating produces a marked inhibition of implantation and fetal development (Yang, Yang & Lin, 1969) , while in the rabbit administration of ACTH is associated with high fetal mortality, lowering of birth weight and reduced viability of newborn (Lee & Ring, 1956) . Direct administration of adrenal corticosteroids has also been shown to produce marked effects on pregnancy. In the rabbit, Courrier & Cologne (1951) showed that administration of hydrocortisone acetate at various stages of pregnancy often led to fetal resorption, small birth weights and a reduction in viability of the newborn. This effect was confirmed in the rabbit by Robson & Sharaf (1952) . In the sheep administration of hydrocortisone during oestrus can reduce embryonic survival rate (Howarth & Hawk, 1968) .
The effects of stress due to food and water deprivation, changes in the environment and transport by road and rail in different genotypes of house mouse have been described by Wallace (1976) . Changing the environment of the mouse from laboratory cage to transit box produced weight loss and was sometimes fatal. Similar effects were produced when the mice were transported for journeys lasting 28 h. Using water intake as an index of response to transportation and change of environment, Grant, Hopkinson, Jennings & Jenner (1971) concluded that a period of approximately 4 weeks in a constant environment was required to allow the appropriate adjustments to the new environment.
Sounds of various intensities have also been shown to affect reproductive performance in laboratory animals. Sounds such as those produced by fire alarm bell systems have been shown to have adverse effects on reproductive and oestrus cycles (Clough & Fasham, 1975; Zondek & Tamari, 1967) . More recently it has been shown that much lower sound levels from conventional fire alarm bell systems can produce detectable ch"anges in the oestrous cycles of the rat (Gam ble, 1976) . However, by contrast, in the same study, using the vaginal smear cyclical changes as a oasis for the physiological test of the effect of sound on oestrus in the rats, it was shown that rats exposed to the modern 'silent' fire alarm showed no significant changes compared to control animals in quiet conditions. As a first step, the feasibility of using the rabbit as a model for studying the effect of transport, together with its related vibration stress and sound, on fertility and the course of pregnancy has been considered. The work has been the subject of a preliminary communication (Adams & Stepliens, 1980 ).
Materials and methods
Experiment 1 61 rabbits, weighing 3 to 4'5 kg and of varied parity, from two different colonies (A and M) kept at the Animal Research Station (ARS) were used. The animals were housed I per cage. No food or water was available during the course of the experimental treatment. They were mated with fertile males and palpated on day 9 to diagnose pregnancy. Each rabbit was subjected once to the experimental treatment on days 5, 7, 9, 16, 25, 27 or 29 post coitum (p.c.). The animals were divided into 4 groups. The experimental treatments are summarized in Table 1 . Rabbits allocated to treatments B, C and D were carried by van for 9 miles from ARS to Institute of Animal Physiology(lAP). (N = number of subjects).
Group A were control does which remained at the ARS; Groups B, C and D were treated. These does were transported from the ARS to the Institute of Animal Physiology (lAP), Babraham, via a van in wicker baskets -a distance of approximately 9 miles. The experiments were carried out at various times throughout the year. At lAP, rabbits allocated to treatment B were placed in a quiet corner of an isolated room, those to treatment C were placed on the floor of the transport simulator (TS), and those to treatment D were placed on the floor outside but adjacent to the TS. Groups B, e and D were left in the carrying boxes throughout the treatment.
Simulated transport. The TS was adapted from equipment originally designed to test physical properties of tractor-seat suspension gear. A steel-framed wooden structure 152 cm x 152 em x
Stephens & Adams 146 em, weighing about 200 kg, with one door, was secured to the ·frame. The base of the animal box consisted of a 15 em 2 steel plate which rode on large ball bearing structures (2'5 cm diameter). The ball bearings in turn were attached to a cam follower. The two steel wheels which made up the irregular cam pattern were 95 cm in diameter and were attached to an axle 155 cm long beneath the centre of the animal box. From the front of the base of the animal box, two metal arms projected and were bent in such a way that they were joined to a pivot at ground level 210 cm from the cams. This attachment ensured that the box containing the rabbit stayed in position over the cams while allowing the two cam followers to maintain continuous close contact with the rotating cams. The result was that the two sides of the box moved up and down independently of each other. There was also a slight lateral side to side movement about the pivot, the extent of which was limited by two safety chains 45 em long attached to the brass frame (Fig. 1) . The box was 170 cm above floor level and entry was by a ramp with side walls on both sides with hand rails 450 em long and at an angle of 24°to the floor. The noise generated by the TS varied widely as each position of the cam was engaged. It was housed inside a building where wind speed was constant with no direct sunlight. The ambient temperature of this building fluctuated slightly with the seasons.
In experiment 1, the TS was switched on for 2 h, at the end of which the rabbits were returned to the ARS and replaced in their usual cages. No other treatment was carried out and observations were made of the course and outcome of pregnancy. Recordings were made of (a) conception rate (CR) (b) gestation length, (c) litter size and (d) condition of the young (viability), including abnormalities. Stillborn young were distinguished from those dying after birth by showing that their lungs did not float in water.
Experiment 2 -respiration rate 16 non-pregnant female New Zealand White rabbits, aged between 5 and 6 months from the lAP colony, were used to make up 4 groups of 4. In this experiment the animals remained in their own cages throughout the whole duration of the observations and were not subjected to the 9 mile road journey. The dimensions of the individual metal cages were 50 x 37 x 50 em. The rabbits were kept in a room at an ambient temperature near to 18°e. They were fed on rabbit pellets (SGI, Oxoid) and provided with water. Respiratory rate (RR) was measured (singly) by direct observation over a I-min period every 5 min for specific periods during control and experimental days as follows: Day 1 a. in the rabbitry (over 30 min as control); b. on arrival in a quiet room adjacent to the laboratory (over 20 min immediately after arrival). Later, the rabbits were allocated individually, at random, into anyone experimental situation, which was as follows:
i left in ra bbitry; ii left in quiet room in laboratory; iii left on floor near TS and therefore exposed to noise; iv put inside the TS. Day 2 all respiration rates measured again (over a period of 20 min before switching on TS). The TS was then immediately switched on for either;-(a) 1 h, or (b) 2 h. The respiration rate was again measured immediately the simulator stopped. Respiration rates were measured again 4 h following cessation of the TS. Day 3 animals brought back to rabbitry and respiration rates measured over a 2-h period. The above treatments were not replicated. In experiment 1, the pregnant rabbits were exposed for 2 h to the simulator. In the respiratory experiments (experiment 2) 8 were exposed for 1 h only. A further 8 were exposed for 2 h and their respiratory rates observed in a similar way.
Results

Experiment 1
The results are shown in Tables 2 & 3. Of the 45 rabbits allocated to treatments C and D, 43 (96%) maintained pregnancy to term, compared with 11 out of 12 (92%) in the control group (A) and 4 out of 4 in group B. There was no evidence of loss of whole litters either through resorption or absorption. Neither litter size nor the incidence of dead or stillborn young was markedly affected by any of the treatments.
In general, the length of gestation was not affected by treatment, for the most part being 31 or 32 days. In 3 does, parturition was 'split', occurring on days 31 and 32, 30 and 31 and 31 and 32 in group D (day 7 and 27), and in group C (day 5). This level of split parturition is within the normal range. Except for one incomplete twin produced"by a doe in group C treated on day 27, no other abnormal young were produced, though in 3 litters some rather small young were observed. Among contemporary controls within the same colony S of 29 litters contained similar small young, which tend to be associated with large litters and short gestation periods.
Mean litter size, length of gestation, viability (dead or stillborn) were not affected by any of the treatments B, C or D compared with control group A. The relatively high mortality in the group treated on day 9 (group C) can be ascribed to the loss of an entire litter, probably as a result of an extended gestation period of 34 days. The proportion of stillborn young resulting from treatments CorD on days 2S, 27 or 29 was 6% in both cases, within normal limits, thus indicating a lack of treatment effect. Fig. 2a shows that simply moving the animals in their individual cages produced a doubling of the respiration rate which persisted for at least 20 min.
Experiment 2
Exposure to the motion of the TS with the additional effect of its noise produced the highest increase in respiratory rates, up to l60/min (Fig.   2b ). Exposure to noise alone produced by placing the cage adjacent to the TS gave a response inter-"mediate to that produced by a simple routine disturbance of the cage and that produced by complete exposure to the TS and its noise by placing the rabbit in the simulator.
At the end of the I-h period of exposure to the TS or its noise, there was some decrease in respiratory rate, indicating a degree of adaptation; 4 h after switching off the TS the respiratory rates had returned to near normal. In the experiment where the observations of respiration rates were made with the TS switched on for 2 h, the mean respiration rate of those inside the TS rose from 68 to ISS/min when it was switched on. The comparable change in respiration rates of those left on the floor near the TS was an increase from a mean rate of 62 to 140/min. At the end of the 2-h period the rate had declined to a mean of 143/min for those inside the simulator. Those left on the floor showed a decrease to a mean rate of 118. Again, as in the group exposed for 1 h to the TS, the respiration rates had returned to near normal, 4 h after switching off the machine.
Discussion
It has been firmly established that various environ- mental disturbances including handling, transporting, exposure to sound or extremes of temperature are capable of affecting fertility and pregnancy in certain species (Averill, 1964; Zondek & Tamari, 1967; Williams & Wiggan, 1969; Doney, Smith & Gunn, 1976; Moberg, 1976) . Their action appears to be mediated via the hypothalamic-pituitaryadrenal system, since direct administration of ACTH (Robson & Sharaf, 1952; Lee & Ring, 1956; Yang et al., 1969) or corticosteroid preparations (Courrier & Cologne, 1951 ; Robson & Sharaf, 1952; Howarth & Hawk, 1968) will produce profound effects on fertility and pregnancy. As shown by Zondek & Tamari (1967) , sound alone produced a lower increase in respiratory rate than when the rabbits were exposed to vibration stress and sound actively. This suggests that random vibration contributes markedly to the stress induced in rabbits during transportation.
In the present experiments, even though there was a marked response in terms of an increase in respiration rate, there was a lack of effect on the course of pregnancy or on the fetus. This suggests that, at least under our experimental conditions, pregnancy in the rabbit is well protected from the effects of simulated transport stress (STS) and its accompanying noise. In other species, the time and length of journey does not seem to be critical. For example, it has been shown in the calf that the physiological responses and mortality rates do not significantly depend upon the duration of the journey (Staples & Haugse, 1974; Kent, 1977) . This would suggest that the initial alarm response provides the stimulus which triggers the physiological and psychological responses to stress.
Our findings also demonstrated that exposure to STS plus noise, even when near to term, apparently has little effect. A possible factor contributing to the protection of the fetal rabbit when its dam is exposed to physical disturbances near term is the relatively low percentage weight of the neonate relative to the maternal weight. The neonatal rabbit is 1'6% of mature weight. The comparable percentage weights for all larger species, such as the cow, ewe and guineapig, are 5'2%, 7·6%, and 12,2% respectively (Gliicksmann, 1978) . These relative weight differences may have implications for the safety of the pregnancy when large domestic species are transported over larger distances near term.
Therefore the possibility of producing mechanical damage to the fetal membranes and thereby inducing premature parturition should be borne in mind when considering transportation of the larger domestic farm species during pregnancy.
However, the problems associated with investigating experimentally the effects of transportation on pregnancy in the large domestic species remain. It appears that some species, such as the rabbit, are resistant to the effects of short-term exposure to real or simulated transportation. Clearly, each individual species will need to be considered separately in relation to the effect of transportation on their reproductive performance. 
